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1 1. A non-volatile semiconductor device comprising: 

2 a semiconductor substrate; / 

3 source and drain regions in said substrate separated by 

4 a channel region; / 

5 a gate comprising a layer of polycrystalline silicon of 

6 conductivity type different from that of /said source and drain 

7 regions; and / 

8 a multilayer gate dielectric between said gate and said 

9 channel region comprising a charg^ storage layer having 

10 alterable charge storage properties by application of an 

11 electric field and having a dielectr/c thickness equivalent to 

12 that of a layer of silicon dioxide that is less than about 170 

13 angstroms. / 

/O / 

tp 2. The device of claim 1 whe feXjL-said gate further comprises 

ffi \ 7 ) 

% a layer of refractory silicic e/ / 

4« / / 

j: 3. The device of claim 1 wher<iii/ said gate" contains as few as 

£ 10 n /cm 3 electrically active y4toms of doping material. „ 

!# 4. The device of claim i wherein said conductivity types 

ji: comprise a doping material selected from the group consisting 

CP of antimony, boron, phosphorus and arsenic. 

1 5. The device of claim A wherein said source and drain regions 

2 are doped primarily N^-type and said gate is doped P-type. 

1 6. The device of claim 1 wherein said source and drain regions 

2 are doped primariw P-type and said gate is doped N-type. 
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7. The devic!^ of claim 1 wherein sale? multilayer gate 
dielectric further comprises a second cyielectric material 
layer between said charge storage layer ^nd said channel, 



8 . The device of claim 7 wherein said second dielectric 
material layer comprises silicon dioxi/de, 

9. The device of claim 7 whereiA said multilayer gate 
dielectric further comprises a third/ dielectric material layer 
between said charge storage layer yand said gate. 

10. The device of claim 9 wherein said third dielectric 
material layer comprises silicon dioxide, 

11. The device of claim 9 wherein said third dielectric 
material layer comprises a yShEfee layered structure of a layer 
of silicon dioxide, on dj layer of silicon nitride on yet 
another layer of silicon <&i#xi< 



12. The device of claim ij 
comprises a floating gat^< 



wherein said charge storage layer 



13. The device of cl£im 12 wherein said floating gate 
comprises polycrystaliyne silicon. 

14. The device of cl^im 1 wherein said charge storage layer 
comprises a dielecti/ic material capable of trapping charge 
carriers . 



15. The device of /claim 1 wherein said charge storage layer 
comprises a dielectric material capable of trapping charge 
polarization. 
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1 16. The device of claim 1 wherein said charge storage layer 

2 comprises a material selected from the/ group consisting of 

3 silicon nitride, silicon oxynitride, /silicon-rich silicon 

4 dioxide, and ferroelectric materials, / 

1 17. The device of claim 1 wherein sai/d substrate has a first 

2 conductivity type and said source / and drain regions are 

3 semiconductor regions of a second conductivity type. 

1 18. The device of claim 1 wherein /said substrate has a first 

2 conductivity type and said source and drain regions are 

3 semiconductor regions of a first /conductivity type; and 

4 wherein said non-volatile memory device further comprises 
5_ a first well region of a second! conductivity type formed in 
6g said substrate as to surround at least said source and drain 

regions and said channel region. 
-_n / 

iP 19. The device of claim 1 yrfifcrein said substrate has a first 
conductivity type and saicf source and drain regions are 

3 semiconductor regions of/\a /second conductivity type; and 
4g wherein said non-volayiJ^lnemory device further comprises 

r; a first well region of WJ f ijst conductivity type formed in 

<h said substrate as to sur^urfa at least said source and drain 

?3 regions and said channel/ region; and 

8 wherein said non-volatile memory device further comprises 

9 an additional second well region of the second conductivity 

10 type formed in said substrate as to surround at least said 

11 first well region. / 

1 20. The device of/ claim 1 wherein said channel region 

2 comprises a buried channel. 



-27- 



21. The device of claim 1 wherein saip channel region 
comprises a depletion channel. 

22. A non-volatile semiconductor device Comprising: 

a semiconductor substrate; 

source and drain regions in said ^ubstrate separated by 
a channel region having a channel length less than about 0.7 
microns; 

a gate comprising a layer of poAycrystalline silicon of 
conductivity type different from thajc of said source and drain 
regions; and 

a multilayer gate dielectric /between said gate and said 
channel region comprising a cnarge storage layer having 
alterable charge storage prope/rties by application of an 
electric field. 



23. The device of claim 2 
a layer of refractory sill 

24. The device of claims 
than 10 n /cm 3 electrically 




erein said gate further comprises 
e. 



wh/erein said gate contains more 
LCtive atoms of doping material. 



25. The device of claim/ 24 wherein said conductivity types 
comprise a doping material selected from the group consisting 
of antimony, boron, phosphorus and arsenic. 

26. The device of claim 22 wherein said source and drain 
regions are doped pr/marily N-type and said gate is doped P- 
type. 



27. The device otl claim 22 wherein said source and drain 
regions are doped/primarily P-type and said gate is doped N- 
type. 



1 28. The device of claim 22 wherein said! multilayer gate 

'2 dielectric further comprises a second dielectric material 

3 layer between said charge storage layer ana said channel. 

1 29. The device of claim 28 wherein said second dielectric 

2 material layer comprises silicon dioxide. 

3 / 

4 30. The device of claim 28 wherein/ said multilayer gate 

5 dielectric further comprises a third dielectric material layer 

6 between said charge storage layer anra said gate. 

1 31. The device of claim 30 wherein said third dielectric 
2_ material layer comprises silicon dioxide. 

32. The device of claim 30/ viffire±n said third dielectric 

S material layer comprises a threey laye/red structure of a layer 

=5 of silicon dioxide, on a layer off silicon nitride on yet 

W\ another layer of silicon dioxide. / 

§1 33. The device of claim 22 where/in said charge storage layer 
comprises a floating gate. / 

® 34. The device of claim 33 wherein said floating gate 

2 comprises polycrystalline/ silicon. 

1 r 35. The device of claim hi wherein said charge storage layer 

2 comprises a dielectric /material capable of trapping charge 

3 carriers. / 

1 36. The device of clailn 22 wherein said charge storage layer 

2 comprises a dielectric material capable of trapping charge 

3 polarization. / 
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37. The device of claim 22 wherein said charge storage layer 
comprises a material selected from the group consisting of 
silicon nitride/ silicon oxynitride, silicon-rich silicon 
dioxide, and ferroelectric materials. / 

38. The device of claim 22 wherein said substrate has a first 
conductivity type and said source and drain regions are 
semiconductor regions of a second conductivity type. 

39. The device of claim 22 wherein said substrate has a first 
conductivity type and said source and drain regions are 
semiconductor regions of a first conductivity type; and 

wherein said non-volatile memory device further comprises 
a first well region of a second conductivity type formed in 
said substrate as to surround at/ least said source and drain 
regions and said channel regfcftn/ 

40. The device of claim 22 jerkin said substrate has a first 
conductivity type and saia /source and drain regions are 
semiconductor regions of a second conductivity type; and 

wherein said non-volatiJe /memory device further comprises 
a first well region of a first conductivity type formed in 
said substrate as to^surround at least said source and drain 
regions and said charaiel region; and 

wherein said non-volatile memory device further comprises 

J . 
an additional second well region of the second conductivity 

type formed in said substrate as to surround at least said 

first well region. / 

41. The device of c]/aim 22 wherein said channel region 
comprises a buried channel. 
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1 42 . The device of claim 22 wherein said/ channel region 

2 comprises a depletion channel. / 

1 43 . A non-volatile semiconductor device/ having source and 

2 drain regions of first conductivity type in said substrate 

3 separated by a channel region of length less than about 0.7 

4 microns, comprising: / 

5 a gate comprising a layer of poLycrystalline silicon of 

6 second conductivity type different krom that of said first 

7 conductivity type; and / 

8 a multilayer gate dielectric between said gate and said 

9 channel region comprising a charge storage layer having 
10 alterable charge storage properties by application of an 
]JB electric field. / 

33 4 4. The non- volatile semiconductor device of claim 43 wherein 

£ said gate dielectric has fa pLelectric thickness equivalent to 

4= that of a layer of silicon! aSrO^cide that is less than about 170 

~f angstroms . \ Y ) 

Jf 45. The device of claim 43 yhe/ein said gate further comprises 

§y a layer of refractory saliqide. 

IsJ / 

1 46. The device of claim 43 wherein said source and drain 

2 regions are doped p/imarily N-type and said gate is doped P- 

3 type. / 

1 47. The device of claim 43 wherein said source and drain 

2 regions are doped primarily P-type and said gate is doped N- 

3 type. / 

1 48. The device of claim 43 wherein said charge storage layer 

2 comprises a /floating gate. 
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49* A method for making a non- volatile semiconductor device 
comprising: 

forming a multilayer gate dielectric having a charge 
storage layer with alterable charge storage properties by 
application of taw electric field, and having a dielectric 
thickness equivalent to that of a layer of silicon dioxide 
that is less than about 170 angstroms; 

forming a Aate comprising polycrystalline silicon of 
first conductivity type on said gate dielectric; and 

forming source and drain regions separated by a channel 
region in a semiconductor substrate, said source and drain 
regions having a second conductivity type different from said 
first dielectric type. 
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